solutions to other more complex and costly problems such as HIV/AIDS (5) .
In 2008, the leprosy prevalence rate in Brazil was 20.56 cases per 100 000 inhabitants, with 38 992 new cases reported that year. Prevalence varies widely across the country, with higher rates reported in the North, Northeast, and Central-West regions versus the more economically prosperous South and Southeast regions (6, 7) . However, even in the most developed part of the country-the Southeast (8)-leprosy persists in underserved areas such as favelas (slums). For example, in 2008, the highly industrialized southeastern state of Rio de Janeiro had a prevalence rate of 11.84/100 000 inhabitants (7).
Brazil's National Leprosy Program was created in 1992. As per the World Health Organization (WHO) multidrug therapy (MDT) protocol (9) established in 1982, a minimum of two years of treatment was recommended for multibacillary (MB) patients. Prior to the introduction of the WHO protocol, the recommended treatment was continual treatment until a negative bacilloscopy was obtained. However, the long duration of the former treatment strategy had become an obstacle to its success. In 1997, WHO revised its protocol for treatment of MB patients (10) by reducing the number of recommended doses of MDT from 24 to 12 over an 18-month period (11) .
According to reports published by Brazil's Ministry of Health and WHO, Brazil's adoption of these new procedures has contributed to earlier diagnosis and reduced incidence of both MB leprosy and cases with disabilities (12, 13) . Nonetheless, leprosy prevalence continues to persist in underserved areas.
The current study analyzed 1) the profile of patients treated at Souza Araújo Outpatient Clinic (Ambulatório Souza Araújo, ASA), a national referral center for the diagnosis and treatment of leprosy that serves clients from the city of Rio de Janeiro and other municipalities in the metropolitan area of Rio de Janeiro State, and 2) clinical and demographic data for the subgroup of nationally registered leprosy cases from the same municipalities as the ASA patients, and for all registered cases statewide, retrieved from the Ministry of Health's National Disease Notification System (Sistema de Informação de Agravos de Notificação, SINAN).
MATERIALS AND METHODS

Study site
An observational, descriptive analysis was carried out using data for 1) leprosy patients treated and followed up at the ASA from 1986 to 2007, and 2) all leprosy patients registered with SINAN between 2001 and 2007 and living in the same municipalities as the ASA patient sample ("co-resident cities") versus all registered cases statewide. The ASA is a main referral center for leprosy patients. Referral centers are an important source of data for discerning new trends in epidemics and the associated consequences because they concentrate a large number of patients (especially those with serious medical conditions) who are referred by a network of health units (14) . The majority of ASA patients (~70%) are referred from other health care services, while about 6% come to the center seeking help of their own accord, about 16% are identified through a disease surveillance program conducted among leprosy patient contacts, and about 8% have other forms of detection. After leprosy is confirmed via clinical, histopathological, and bacteriological tests, the patients are treated and followed up. Since 1986, all socioeconomic, clinical, and laboratory data related to ASA patients have been routinely recorded.
Study period
The clinical course, treatment regimen, and incubation period for leprosy can be quite lengthy. To allow for more accurate study of the disease, the study period was divided into four segments: 1986-1992, 1993-1997, 1998-2002, and 2003-2007 . The first segment corresponded to the period following Brazil's implementation of the standard MDT protocol (9) . The second segment corresponded to the period following the introduction of WHO's policy advocating suspension of MDT in multibacillary patients after two years of treatment, regardless of the patient's bacilloscopic index (BI) (15) . The third segment corresponded to the period following implementation of the revised WHO protocol that reduced the number of doses from 24 to 12 (10, 11) . The last segment corresponded to the period following the Brazilian government's reaffirmation and strengthening of its commitment to eliminate leprosy, at the Second Meeting of the Global Alliance for the Elimination of Leprosy (GAEL) (Brasilia, 29-31 January 2002) , where the country also assumed the GAEL presidency (16) .
Study classifications and statistical analysis
As per the criteria of Ridley and Jopling (17), the current study divided patients into two polar groups on the immunological spectrum ( Patient examinations were carried out by the ASA, which, as of 1998, has also housed a neurological clinic specializing in the diagnosis and management of pure neural leprosy (PNL). Laboratory techniques used by the clinic include electrophysiological assays, nerve biopsy examinations, and polymerase chain reaction (PCR) detection of M. leprae. PNL is characterized by sensory changes and an absence of skin lesions (18) .
In the current study, skin specimens were collected for bacteriological examination and the determination of the BI using a WHO-approved technique (19) . The BI was measured at diagnosis and after treatment. Patients with positive BIs were classified as "MB" and those with negative BIs were classified as "PB" (paucibacillary). The disability grade 3 was evaluated at the time of diagnosis and after treatment. The data for the ASA patients were analyzed by comparing socioeconomic and disease characteristics over time.
Chi-squared tests for linear trends and analysis of variance (ANOVA) were used to investigate differences between the data from the different study segments. The statistical significance level was set at 5%.
The data for all leprosy cases registered in the state of Rio de Janeiro (available only from 2001 onward) were retrieved from the SINAN database (www. datasus.gov.br) and additional analyses were conducted to describe the available demographic and clinical characteristics of patients who resided in the co-resident cities and those registered statewide.
The Ethics Committee of the Oswaldo Cruz Foundation (Fiocruz) approved the use of the study data for research and publication.
RESULTS
ASA socio-demographic, clinical, and laboratory data
From 1986-2007, 2 213 patients were treated at the ASA (Table 1 ). There was a slight predominance of males in all of the study segments (varying from 56.3% to 58.6%). Gender distribution was not statistically different across the study period (P = 0.241). The proportion of patients 15 years or younger significantly decreased over time, especially during the last three study segments (varying from 14.3% to 8.7%; P = 0.034). Of all cases studied across the entire study period, 50.0% to 55.8% were white (P = 0.367), 31.3% to 37.0% were multiracial (P = 0.463), and 10.4% to 15.5% were black (P = 0.019).
Most ASA patients had received eight years or less of formal education. Average family income (in minimum salaryminimum living income necessary for a worker to meet basic needs, periodically adjusted according to inflation) decreased from 3.9 to 2.7 (number of times minimum salary) between the periods 1998-2002 and 2003-2007. A significant difference was observed between the operational classifications of leprosy described above. The proportion of MB patients decreased from 52.7% and 54.7% in the first and second study segments respectively to 42.5% and 46.9% in the third and fourth study segments respectively (P = 0.001). The proportion of BL patients decreased from 23% in the first study segment to 18.8%, 14.9%, and 15.5%, in the second, third, and final study segments respectively (P < 0.001). The BT classification was the most prevalent, comprising 31.8% of cases in the first study segment, 34.0% in the second segment, 34.8% in the third segment, and 35.4% in the fourth segment (P = 0.534). A substantial increase was observed in the clinical form of PNL, from 0.7% and 2.7% in the first and second study segments respectively to 11.0% and 9.1% in the third and fourth study segments respectively (P < 0.001). World Health Organization disability grading scale (0, "no impairments"; 1, "leprosy-related impairment but visual acuity ≥ 6/60 (eyes)" and "sensory impairment" (hands and feet); 2, "visual acuity < 6/60, laghophthalmos" and "visible deformities" (hands and feet)). d Number of times minimum salary. e SD: standard deviation. f BI: bacilloscopic index among MB patients.
There was significant variation in the pre-treatment disability grade across the four study segments. In the first segment, 59.8% of the patients had grades of zero, versus 70.3% in the second segment, 64.1% in the third segment, and 67.5% in the fourth segment (P = 0.018). A sizable percentage of the patients (varying from 17.4% to 35.6%) were not evaluated for post-treatment disability. For those that were, no statistically significant differences were found across the four study segments.
Among the MB patients, the average BIs at diagnosis and after treatment were significantly higher in the last study segment versus the first three study segments. However, in the last segment there was a high proportion of missing data (25.2%) for the post-treatment BI, which compromised further comparisons. Across the entire study period there was a significant decrease (from 6.5% to 2.3%; P = 0.001) in dropout rates (discontinuation of treatment).
SINAN demographic and clinical data
From 2001 to 2007, among the cases of leprosy registered in the SINAN data base and residing in the same Rio de Janeiro metropolitan area cities as the ASA patients ("co-resident cities") (n = 12 804) and all SINAN-registered cases from Rio de Janeiro State (n = 22 086), the proportion diagnosed as having no disability (a grade of "0") at diagnosis ("pre-treatment") decreased from 77.5% to 72.5% and from 75.5% to 71.1% respectively over the study period ( Table 2) .
The same trend was observed for the post-treatment disability grade, which decreased from 80.8% to 75.5% in the coresident cities and from 78.7% to 74.8% statewide over the same period (2001) (2002) (2003) (2004) (2005) (2006) (2007) . The proportion of cases diagnosed with grade 1 disability pre-treatment increased from 14.3% to 19.2% in the coresident cities and from 16.5% to 20.6% statewide over the study period. A lesspronounced increase was observed in the proportion of cases with grade 1 disability post-treatment (from 13.0% to 16.8% in the cases from the co-resident cities and from 15.1% to 17.5% statewide). The proportions of cases evaluated as grade 2 disability before and after treatment remained similar over time but were smaller overall post-treatment. As mentioned above, a high percentage of cases (varying from 31.1% to 41.2%) did not receive a post-treatment disability evaluation. The proportion of patients who dropped out of treatment decreased from 6.8% to 5.6% in the coresident cities and from 6.7% to 5.2% statewide over the study period.
DISCUSSION
A slight majority of ASA patients were male and most had completed only eight years or less of formal education; a minority of cases 1) involved children younger than 15 years and 2) had disabilities. Substantial gender differences among leprosy patients have been found in terms of general knowledge about leprosy, propensity to seek treatment, and delay in diagnosis. Some authors have identified social, cultural, and economic factors associated with stigma faced by women living with leprosy (20) (21) (22) . Morrison (2000) suggested that future strategies to prevent, control, and treat leprosy should address gender differences more thoroughly (23) . Although various studies have shown an increased demand for health services among Brazilian women over time (24) (25) (26) (27) , the stigma associated with leprosy appears to be connected to social and gender inequalities in complex ways (28) .
The proportion of patients who lived in homes with proper sanitation was higher in the later study segments, similar to the situation across Brazil (4), despite persistent regional heterogeneities. Nevertheless, the data revealed a decrease in patient family income among the periods analyzed, in marked opposition to what has been observed in recent years in Brazil, where income has not only increased substantially but has become much more fairly distributed (4). The limited amount of formal education among the majority of leprosy patients may explain their apparent difficulty in obtaining well-paying jobs, even within the context of economic growth. Although the scope of the current study does not allow for conclusions to be drawn about economic impacts related disability grading scale (0, "no impairments"; 1, "leprosy-related impairment but visual acuity ≥ 6/60 (eyes)" and "sensory impairment" (hands and feet); 2, "visual acuity < 6/60, laghophthalmos" and "visible impairments" (hands and feet)).
to leprosy, the decrease in family income among individuals affected by leprosy observed in the current study was most likely a result of reduction of risk among medium-to low-income families. Unfortunately, diseases such as hepatitis B that may be prevented by vaccines (available to any Brazilian citizen at no cost) and neglected diseases such as leprosy still cluster in the most disenfranchised populations in Brazil. These groups appear to have received little or no benefit from Brazil's economic growth and social progress (29) (30) (31) (32) .
Based on the current study results, the same can be said with regard to ASA leprosy patients, who did not appear to have benefited from Brazil's economic growth or improved income distribution, which has included comprehensive cash transfers to impoverished populations. This disquieting finding appears to be related to these patients' position in the most disenfranchised strata. Despite recent progress, Brazil remains plagued by social, economic, gender, and other forms of prejudice and marginalization (27, 28) .
Although the capital city of Rio de Janeiro is the second most affluent municipality in the country (8), Rio de Janeiro State continues to have a high endemic level of leprosy. As shown elsewhere (30) (31) (32) , leprosy is directly related to social inequalities and shortcomings in the health care system. This is the case even in a state like Rio de Janeiro, which is equipped with an extensive network of public (and private) health care centers.
A number of governmental initiatives in Brazil have been implemented in recent years to increase the employment rate (while at the same time fostering a more competitive labor market, which has benefited people with higher levels of education) and provide higher incomes (e.g., increasing the minimum salary, even with deflating monetary values) as well as cash transfers (through social programs). These improvements have translated into improved public health outcomes for most, but not all, population strata (27) .
Reducing the prevalence of leprosy requires improvements in various areas at both the individual and family level (e.g., better education and more accurate self-perceptions of health and disease) and in contextual determinants such as scope of preventive measures, quality of diagnoses, and accessibility of effective health care programs.
A larger proportion of patients under 15 years of age were observed among ASA patients versus SINAN-registered cases from the co-resident cities in Rio de Janeiro State for the period 2003-2007. Since June 1987, the ASA has conducted routine examinations of leprosy patient contacts and provided health care information to the patients and their families. Both strategies may have facilitated earlier detection of the disease over time. The diagnosis of leprosy in children less than 15 years old is an indicator of high endemicity and early exposure to the disease and is thus an important element for assessing the magnitude of the disease within a specific locality and time period (12) .
The reduction in MB cases observed among the ASA patient sample from the current study may be a consequence of improved diagnosis (including the specialized techniques for identifying PNL). Disease prevention efforts and examination of patient contacts have revealed that the PB form of the disease generally predominates, possibly as a result of early detection. Conversely, it can be assumed that prevalence of the MB form of the disease indicates delays in diagnosis. Prevalence of the PB form has been considered an indicator of an "active endemic process" (i.e., one that remains endemic, with relatively high prevalence rates and a relevant number of new cases over time, preferentially affecting individuals who are more resistant to infection). The vast majority of cases diagnosed in areas of low prevalence are the MB form.
Susceptibility to infection is a natural characteristic of the host. The current study could not assess biological factors that may have been associated with different outcomes because of the lack of comprehensive genetic data for the majority of the patients being followed up at the ASA.
The operational classifications used in the routine treatment of ASA patients are based on the BI, and all cases with positive skin smears are classified as MB. This approach is different from other health care centers in Brazil where BIs are not considered and the disease classification is based on the number of detected skin lesions.
Over time, the percentage of ASA cases presenting as the PNL clinical form increased. This may be due to the high number of referrals of patients with challenging nerve disorders of leprosy and/or the optimal performance of ASA's neurological services, which are not available elsewhere in the state. Although the BL form of the disease dropped significantly in MB cases among the ASA patients, the LL form increased during the last study segment, which may have contributed to the increase in post-treatment BI cases.
The disability grade has been used as an indicator for timeliness of diagnosis, based on the assumption that the presentation of grades 1 and 2 constitutes evidence of a late diagnosis. Among cases reported nationwide in Brazil, a reduction in the percentage of deformities was detected during the 1987-1997 period (33) . This trend was not observed among the ASA patients in the current study.
In the current study, for the 2003-2007 study segment, a higher proportion of cases with disabilities was found among the ASA patients versus the SINAN-registered cases, indicating that 1) the ASA patients had a more severe level of disease than leprosy patients followed up at primary health care facilities in the coresident cities and/or 2) the severity of the cases treated at those primary health care facilities was underestimated. A recent study conducted at a referral center in Brazil's Northeast region showed a significant portion of patients with some disability, which may also reflect the level of disease severity found among patients who have been referred to or have sought out specialized care (14) .
Non-compliance with treatment can lead to the development of resistant bacilli. In the current study, the proportion of patients who dropped out of treatment was low, and decreases in treatment dropout rates among ASA patients and SINAN-registered cases were observed over the study period. For the period 2003-2007, the proportion of noncompliance was lower among the ASA patients versus the SINAN cases.
Although no significant differences in treatment outcomes have been found between patients on the 24-month regimen and those on the revised [12-month] regimen (34) , the current study showed that post-treatment BIs were higher in the later study segments corresponding to the use of the revised regimen. This may be at least partially attributable to the slow process of bacterial clearance, which continues beyond the completion of the revised regimen (35) . Despite the high BIs recorded after the shorter, more concentrated treatment period, patients are considered cured once they complete the revised regimen (10) .
A study to assess leprosy elimination strategies undertaken in Duque de Caxias, a city in metropolitan Rio de Janeiro, showed that strategies such as the decentralization of patient care and targeted campaigns proposed by Brazil's Ministry of Health and WHO (12, 13) were associated with an increase in early detection and a reduction in the prevalence rate (36) .
The reduction in the number of patients being followed up at the ASA in recent years appears to be related to reductions in both spontaneous demand and referrals, resulting in turn from increased access to primary health care and/or a decreasing prevalence of leprosy. Since 1989, all Brazilians have been entitled to free health care, through a national health system that has recently undergone decentralization of management (promoting greater adequacy of health services in terms of the regional needs of the population), and increased access to primary health care, through Brazil's Family Health Strategy, established in 1993 (27) .
Successive changes to Brazil's leprosy program in the areas of epidemiological surveillance; management structure; integration of care; and communication, education, and research were implemented according to the recommendations of WHO and Brazil's Ministry of Health (9-13). These modifications led to an increase in earlier diagnoses and thus contributed to the decreased proportion of MB leprosy cases revealed in the results of this study.
Despite its adoption of the WHO guidelines for eliminating leprosy, Brazil continues to face major challenges in the prevention and diagnosis of the disease. Martelli et al. (37) have argued that despite the decline in prevalence following the introduction of MDT, the incidence of leprosy in Brazil remains unacceptably high.
The current study has many limitations. First, data on leprosy cases registered in the state of Rio de Janeiro are only available for the year 2001 and beyond, precluding any comparisons of study segments other than the period 2001-2007. Second, data for the posttreatment disability evaluation were available only for a fraction of the ASA patients and SINAN-registered cases, compromising the conclusions about this key variable. In addition, other variables, such as "education level," "presence of sanitation," "masonry housing," and "family income," could not be analyzed for the first two study segments because the corresponding data were not systematically collected. Third, because of referrals, the ASA sees cases that are more complex than those registered with SINAN. As a result, the ASA patients are not representative of SINANregistered patients. Therefore, like the results of any clinically based sample that is not representative of the reference population, the current study results do not allow for reliable determination of whether the observed changes are epidemiological or represent changes in the demand of patients and/or diagnostic capacity/accuracy.
However, because referral centers such as ASA tend to have the capacity for optimal diagnosis and in-depth assessment, their findings may help identify new trends in an epidemic and thus foster the development of new strategies and tools to prevent and control the spread of the disease. Future research on relapse rates and pre-and post-MDT disability grades is recommended, with a focus on disability-the main concern of patients and the biggest threat to public health.
The current study results confirmed that leprosy has yet to be eradicated in modern-day Brazil, even in the secondmost industrialized state in the country. The disease remains concentrated (and may become more clustered) in the underserved strata of Brazilian society despite the social and economic improvements that have occurred within the country as a whole. Although improved referral and diagnostic procedures seem to have contributed to earlier detection of the disease, there is still much to be done to effectively control leprosy in Brazil.
Objetivo. Analizar el perfil de los enfermos tratados en un servicio nacional de remisión de pacientes ambulatorios con lepra ubicado en la zona metropolitana de Río de Janeiro, Brasil, durante más de dos decenios, y el subgrupo de casos de lepra registrados a nivel nacional de la misma zona de residencia, así como todos los casos registrados a nivel estatal. Métodos. Se llevó a cabo un análisis observacional y descriptivo de los pacientes tratados desde 1986 a 2007 en el servicio ambulatorio Souza Araújo (ASA), un centro de remisión nacional para el diagnóstico y el tratamiento de la lepra en la Fundación Oswaldo Cruz, que atiende a pacientes de la ciudad de Río de Janeiro y de otros municipios de la zona metropolitana del Estado de Río de Janeiro. También se analizaron los datos demográficos y clínicos del subgrupo de casos de lepra registrados con el Sistema Nacional de Notificación de Enfermedades del Brasil (SINAN) entre el 2001 y el 2007 residentes en los mismos municipios que los pacientes atendidos en el ASA, y de todos los casos registrados a nivel estatal. Resultados. En los pacientes atendidos en el ASA hubo una disminución en los ingresos familiares promedio (de 3,9 a 2,7 veces el sueldo mínimo entre los perío-dos 1998-2002 y 2003-2007), en la proporción de pacientes multibacilares (de 52,7% a 46,9%), y en la proporción de pacientes menores de 15 años de edad (de 12,8% a 8,7%). En los pacientes multibacilares, los índices baciloscópicos promedio inicial y final fueron significativamente mayores en el período [2003] [2004] [2005] [2006] [2007] . En comparación con los casos del SINAN, en el ASA hubo más casos con discapacidad y en menores de 15 años de edad. Conclusiones. Los pacientes con lepra de la zona metropolitana del Estado de Río de Janeiro pertenecen al estrato social más bajo y no se han beneficiado con el mejoramiento general de la situación socioeconómica en el Brasil. Lepra; servicio ambulatorio en hospital; factores socioeconómicos; inequidad social; Brasil.
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